ABSTRACT. An equine herpesvirus type 1 (EHV-1) mutant, gE, defective in glycoprotein E (gE) was evaluated as a modified live virus (MLV) vaccine. Colostrum-deprived Thoroughbred foals inoculated intranasally (i.n.) or intramuscularly (i.m.) with gE did not exhibit any clinical signs of respiratory disease except for a mild nasal discharge in 1 i.n. inoculated foal on Days 1 and 3 post-infection. In contrast, the intranasal inoculation of foals with the revertant of gE resulted in biphasic pyrexia, mucopurulent nasal discharge and swelling of submandibular lymph nodes. These results indicated that gE plays an important role as regards EHV-1 virulence in horses. The ability of gE to protect against wild type EHV-1 challenge infection was assessed using i.m. vaccinated foals. Foals inoculated twice i.m. with 10 5 or 10 6 plaque-forming units (pfu) of gE at an interval of 3 weeks exhibited no clinical evidence of local inflammation, respiratory disease or deleterious systemic responses. Remarkable increases in SN antibody titer to EHV-1 were observed in all vaccinated foals after the 2nd inoculation with gE. Following a wild type EHV-1 challenge infection, vaccinated foals showed milder clinical symptoms than foals vaccinated with a placebo. Specifically, 1 of 3 foals vaccinated with 10 6 pfu of gE exhibited no clinical symptoms other than a mild nasal discharge for 1 day. Additionally, the virus load of nasal shedding and viremia were reduced by vaccination. These results suggest that gE would be a good candidate as an MLV vaccine.
Equine herpesvirus type 1 (EHV-1) is a major causative agent of respiratory disease in horses and can also lead to abortion and neurological disease [1] . In particular, the recent increase in neurological EHV-1 outbreaks among horses in the U.S.A., the U.K. and Europe is of major concern to the horse industry worldwide since affected animals often have an unfavorable prognosis [4, 5, [7] [8] [9] 12] . Vaccination is considered an important control measure for EHV-1 induced diseases. In Japan, however, only 1 inactivated vaccine with limited efficacy is available. It has been proposed that the ideal EHV-1 vaccine should stimulate 3 types of immune response namely, a mucosal virus neutralizing antibody, a systemic virus neutralizing antibody, and EHV-1 specific cytotoxic T lymphocytes (CTL) [2] . Kydd et al. reported that an inactivated EHV-1 vaccine failed to induce CTL responses [16] . In contrast, modified live virus (MLV) vaccines usually induce adequate humoral and cellular immune responses in inoculated animals [24] . Currently, MLV vaccines available for EHV-1 contain a tissue cultureadapted RacH strain that has been attenuated by repeated passages in non-equine cells [15, 26] . Goodman et al. showed that the RacH-based MLV vaccine provided immunized horses with better protection against neurological disease caused by EHV-1 than an inactivated vaccine [11] . However, the original RacH was reported to cause mild biphasic pyrexia in horses [23] . Although current vaccines contain RacH derivatives [15] , there is concern about the introduction of these MLV vaccines into Japan. This is because a live vaccine designed to protect against EHV-1 should be completely safe in Japan since it would be largely used to inoculate Thoroughbred racehorses, which are delicate animals and thus difficult to maintain in excellent racing condition. Additionally, to our knowledge, there is no serodiagnostic test that can distinguish anti-RacH antibodies from anti-wild type (wt) EHV-1 antibodies.
The glycoprotein E (gE) deletion mutants of bovine herpesvirus type 1 (BHV-1) and pseudorabies virus, both of which belong to the same subfamily as EHV-1, Alphaherpesvirinae, have been used as MLV vaccines in the field [19, 25] . The lack of gE in these vaccines is a useful marker for differentiation between natural infection and vaccine administration using type specific enzyme-linked immunosorbent assay [30, 31] . In a previous study, we generated EHV-1 mutants with a deletion in the glycoprotein I (gI) or gE gene, and showed that these mutants were avirulent but were immunogenic in experimental animal models [29] . The mutants contained no heterogeneous DNA and therefore could be considered candidates for a MLV vaccine strain, since there is a strict safety regulation as regards the practical use of products made by genetic recombination in Japan. However, it has been reported that the gI deletion mutant of BHV-1 is less immunogenic than the gE deletion mutant [14] . Therefore, in this work, we examined the gE deletion mutant of EHV-1 (gE) to ascertain whether it retains virulence and immunogenicity in horses. The results indicate that gE is avirulent for colostrum-deprived Thor-oughbred foals and that an intramuscular vaccination with gE provided foals with partial protection against EHV-1 respiratory disease.
MATERIALS AND METHODS

Viruses and cells:
The wt strain of EHV-1 used throughout this study was 89C25p. This strain was plaque-purified from a low passage field strain 89C25, which was isolated from a racehorse during an epizootic outbreak of EHV-1 respiratory disease in 1989 [22] . The generation of gE, which was derived from 89C25p, and its revertant (gE-rev) has already been described [29] . The working stocks of the viruses were propagated in fetal horse kidney (FHK) cells. MDBK cells (an established bovine kidney cell line) were used for serum neutralization (SN) tests. Both FHK and MDBK cells were used for virus isolation. The cells were grown in Eagle's minimum essential medium (EMEM) to which bicarbonate buffer and antibiotics had been added, and supplemented with fetal bovine serum (FBS) as appropriate.
Animals: All experimental procedures were approved by the Animal Care Committees of the Equine Research Institute. Fifteen Thoroughbred foals between 25 and 92 days old were used for this study. All the foals were separated from their dams for 24 hr immediately after birth, during which time they were fed a commercial milk substitute, and the dam's udders were regularly stripped out to remove immunoglobulin-rich colostrum, as described by Jeffcot [13] . The foals and their dams were then reunited and kept together for approximately 3 months. During the study, each foal was housed in an individual isolation stall.
Experimental designs: To assess the virulence and immunogenicity of gE and gE-rev, 6 foals (Nos. 1 to 6) were divided into 3 groups of 2 animals. Foals Nos. 1 and 2 (59 and 51 days old, respectively) and foals Nos. 3 and 4 (59 and 52 days old, respectively) were inoculated intranasally (i.n.) with 10 7 plaque-forming units (pfu) of gE and 10 6 pfu of gE-rev, respectively. Under sedation with medetomidine hydrochloride, the inoculum (in 10 ml EMEM) was injected into both nares of the foals (approximately 5 ml per naris) using a nebulizer. Foals Nos. 5 and 6 (79 and 56 days old, respectively) were inoculated intramuscularly (i.m.) with 4  10 5 pfu of gE (in 1 ml EMEM) by injection in the neck. To evaluate the vaccine efficacy of gE, 9 foals (Nos. 7 to 15) were divided into 3 groups of 3 animals. Vaccine groups I (foals Nos. 10, 11, and 12: 80, 57, and 39 days old, respectively) and II (foals Nos. 13, 14, and 15: 92, 70, and 28 days old, respectively) were inoculated i.m. with 10 5 and 10 6 pfu of gE (in 1 ml EMEM) at an interval of 3 weeks, respectively. Similarly, a placebo group (foals Nos. 7, 8, and 9: 80, 65, and 25 days old, respectively) were inoculated with EMEM. Four weeks after the 2nd inoculation, all foals were challenged i.n. with 10 6 pfu of EHV-1 89C25p. The intranasal and intramuscular inoculations were performed using the method described above.
Clinical monitoring: Following inoculation with the viruses, rectal temperatures were recorded each afternoon and clinical signs associated with EHV-1 infection, including nasal discharge and swelling of submandibular lymph nodes, were recorded at the time of sample collection. Temperatures 39.0C were considered to indicate pyrexia. Nasal discharge was graded as follows: 0, no discharge; 1, serous discharge; 2, mucopurulent discharge; 3, severe mucopurulent discharge. Swelling of the submandibular lymph nodes was graded as follows: 0, hardly palpable node; 1, slightly palpable node; 2, easily palpable node; 3, enlarged painful node. Sample collection: For virus detection, nasal swab and peripheral blood samples were collected daily for the 1st week after inoculation with the viruses, and every other day for the 2nd week from each horse with the exception of foals Nos. 5 and 6 (See Tables 2 and 3 ). Following 2 inoculations with gE, samples for virus isolation were not collected from vaccine groups I and II until the start of the challenge. Serum samples were collected at weekly intervals and stored at -20C until use. Nasal samples were obtained using 1  1.5 cm absorbent cotton swabs, which were then immersed in 2.5 ml of EMEM supplemented with 2% FBS. Blood samples were collected from the jugular vein using untreated and heparinized evacuated tubes (Venoject TM II, Terumo, Tokyo, Japan).
Virus isolation: Virus isolation was conducted immediately after sample collection. Approximately 1  10 7 peripheral blood mononuclear cells (PBMCs) fractionated using Lymphoprep (Axis-Shield PoC AS, Oslo, Norway) or 0.5 ml of filtered nasal fluid samples were co-cultured with suspended FHK or MDBK cells in 25-cm 2 flasks. The flasks were then incubated at 37C and observed for cytopathic effects daily for 6 days. Isolated viruses were identified by plaque morphology and/or the polymerase chain reaction (PCR) established by Lawrence et al. [17] , which discriminates EHV-1 from a genetically-and antigenicallyrelated virus, equine herpesvirus type 4 (EHV-4).
DNA extraction: Approximately 3  10 7
PBMCs and 0.4 ml of nasal swabs from each time point were processed using a QIAamp DNA blood kit (Qiagen Sciences, Germantown, MD), with final DNA elution volumes of 60 and 200 l, respectively. The DNA concentration of the PBMC samples was adjusted to 50-60 ng/l. Five l of each DNA sample was subjected to the PCR assays described below.
Real-time quantitative PCR: The number of EHV-1 gene copies in nasal swab and PBMC samples was determined using the real-time quantitative PCR (qPCR) established by Goodman et al. [10] . qPCR was performed using a 7500-FAST real-time PCR system (Applied Biosystems, Foster City, CA, U.S.A.) with a reaction mixture containing TaqMan Fast Universal PCR Master Mix (Applied Biosystems, Foster City, CA), 900 nM primers, a 250 nM probe, and 5 l of DNA sample, with a total volume of 20 l. The thermal cycling program consisted of 20 sec at 95C, followed by 40 cycles at 95C for 3 sec and at 60C for 30 sec. The primers and probes designed for EHV-1 IR6 and equine 2-microglobulin (2-M) genes have been described elsewhere [10] .
Plasmids inserted with partial IR6 or 2-M gene were used as a standard. All assays were run in the absolute quantitation mode, in triplicate, against the serial 10-fold dilution of standards spanning seven orders of magnitude. EHV-1 IR6 gene copies in the PBMC samples were normalized per million 2-M gene copies.
Nested PCR for EHV-1 gE gene: Nested PCR for the EHV-1 gE gene was conducted to distinguish gE from a wt EHV-1. The outer primer pair (gE-F: 5' GGTGCCGTGCG-CAAACATTT3' and gE-R: 5' CCGAAGCACTCTGT GTTATCGCTG3') corresponds to nucleotide positions (nt) 133922 to 133941 and 136089 to 136066 of the EHV-1 genomic sequence published by Telford et al. [28] , and incubated at 37C in a 5% CO 2 incubator for 3 hr with agitation every 15 min to allow for virus adsorption. An overl a y m e d i u m ( 0 . 5 m l o f E M E M c o n t a i n i n g 1 % methylcellulose) was then added to each well, and the plates were incubated at 37C in a 5% CO 2 incubator for 3 days. Antibody titers were expressed as the highest serum dilution that demonstrated a 50% or greater reduction in plaque numbers compared with those of control wells. A fourfold or greater increase in antibody titer was considered significant.
Statistics: Data obtained from the vaccination and challenge experiment were analyzed with statistical software (SigmaStat 3.1, Systat Software Inc., CA, U.S.A.). Rectal temperatures and log-transformed values of EHV-1 gene copies were examined with a two-way repeated measures analysis of variance and a multiple test using the StudentNewman-Keuls (SNK) method. The cumulative clinical scores in each group and the number of viremic foals in each group on each day were analyzed by a Kruskal-Wallis analysis of variance by ranks and a multiple test using the SNK method. Significance was determined at a value of p<0.05. The values of the normalized EHV-1 gene copies in the PBMC samples were log-transformed with the formula x'= log (1 + x) to avoid taking the log of zero (Zero means no virus was detected by qPCR).
RESULTS
Virulence and immunogenicity of gE and gE-rev:
There was no febrile reaction in the foals inoculated i.n. or i.m. with gE (Table 1 ). In addition, these foals exhibited no other clinical symptoms of respiratory disease except for a mild nasal discharge (grade 1) in foal No. 2 on Days 1 and 3 post-infection (data not shown). In contrast, an obvious elevation in rectal temperature (39.0C) was observed in the foals inoculated with gE-rev for 1 to 6 days from Day 1 post-infection and this was followed by a 2nd pyrexic response on Days 9 (No. 3) and 11 (No. 4) post-infection. Furthermore, a mucopurulent nasal discharge and swelling of the submandibular lymph nodes were observed in those foals (data not shown).
The results of EHV-1 detection in nasal swab and PBMC samples are shown in Tables 2 and 3 , respectively. Nasal virus shedding and viremia were detected in the foals inoculated with gE-rev by both virus isolation and qPCR. In contrast, after the intranasal inoculation with gE, EHV-1 was detected only in nasal swab samples by qPCR for 6 days from Day 1 post-infection. These detected viral genomes were identified as gE by the nested PCR. The peak titers Table 1 . Pyrexia observed in foals inoculated with gE and gE-rev of the nasal EHV-1 IR6 gene copy in a logarithmic unit for the foals inoculated i.n. with gE and gE-rev ranged from 2.8 to 3.7 and from 6.1 to 6.7, respectively. The intramuscular inoculation of gE did not lead to the detection of any virus in any nasal swab or PBMC sample.
SN antibody titers to EHV-1 after inoculation with gE or gE-rev are shown in Table 4 . Significant increases in the SN antibody titer were observed in foals Nos. 3, 4, 5 and 6, which were inoculated i.n. with gE-rev and i.m. with gE, within 3 weeks of inoculation. In contrast, the foals inoculated i.n. with gE showed no increase in SN antibody titer during the observation period. the rectal temperatures of each vaccine group from day 3 to 6 were significantly lower than those of the placebo group. After the challenge infection, a mucopurulent discharge was observed for all placebo foals and it was severe (grade 3) in foals No. 7 and 9 (Table 5 ). In contrast, 2 foals and 1 foal in Vaccine groups I and II, respectively, exhibited a mucopurulent discharge. The cumulative score for the nasal reaction recorded in each vaccine group was significantly lower than that recorded in the placebo group. All foals except No. 15 manifested an enlarged submandibular lymph node after the challenge. The most severe case was one of the placebo foals (No. 9), which exhibited a score of grade 3. However, the differences between the cumulative scores of the lymph node reactions of the groups were non-significant (data not shown).
Virus detection in vaccinated and placebo foals after challenge infection:
On the day of the challenge, EHV-1 was not detected in nasal swab and PBMC samples taken from the vaccinated and placebo foals. The number of days on which live viruses were isolated from nasal swab samples ranged from 5 to 11 days in the placebo group and from 2 to 5 days in the vaccine groups. In contrast, qPCR detected nasal virus shedding in all foals from Day 1 postchallenge until the end of the observation period (Fig. 2) . Nasal EHV-1 IR6 gene copies of each vaccine group were significantly reduced from Day 6 to 14 post-challenge compared with those of the placebo group with the exception of Day 8 for Vaccine group I. Additionally, on Day 7 postchallenge, Vaccine group II showed significantly lower nasal virus titers than that of Vaccine group I. Table 6 shows the numbers of viremic horses that were detected by qPCR and/or virus isolation in each group on each day after challenge infection. All placebo foals remained positive for viremia from Day 3 post-challenge to the end of the observation period. In contrast, the numbers of days, on which all 3 foals in Vaccine groups I and II exhibited viremia, were 1 and 2, respectively. Statistical analyses showed significant differences between the number of viremic horses in the vaccine and placebo groups. Furthermore normalized EHV-1 IR6 gene copies in the PBMC samples from each vaccine group were significantly reduced on Days 10 and 12 post-challenge compared with those of the placebo group (Fig. 3) . Vaccine group I also showed a significant reduction on Days 5 and 7 post-challenge.
gE was not detected in the nasal swab and PBMC samples collected from vaccinated foals after challenge infection by the nested PCR (data not shown). Table 7 . One foal in Vaccine group I (No. 10) and all the foals in group II exhibited a significant increase in SN antibody titer 2 weeks after the 1st inoculation with gE. In addition, all vacci- 
Serological responses in foals after vaccination and challenge infection: SN antibody responses to EHV-1 after vaccination and challenge infection are shown in
DISCUSSION
In the present study, we examined the virulence of the gE deletion mutant of EHV-1, gE, and its ability to protect against challenge infection with a wt EHV-1 strain in colostrum-deprived Thoroughbred foals. Ten of 15 foals had detectable SN antibodies to EHV-1 before the experiment (Tables 4 and 7) . However, no clinical manifestation that suggested infections with EHV-1 and/or EHV-4, which causes a similar respiratory disease to EHV-1, was observed in the foals or their dams prior to the commencement of the study. Furthermore, at the start of the experiment, no foal had a detectable complement fixation (CF) antibody to EHV-1 (data not shown). The CF antibody, which is crossreactive with both EHV-1 and 4, is considered to be indicative of recent infection with EHV-1 and/or 4 [15] . In fact, significant increases in the CF antibody were observed in the foals within 2 weeks of inoculation with gE-rev or a wt EHV-1 (data not shown). Therefore, this suggested that the detected SN antibodies were derived from residual maternal antibodies in the dams' milk that the foals took more than 24 hr after birth. Chong et al. reported that completely handreared Welsh Mountain pony foals, which were fed bovine colostrum for the 1st 18 hr after birth and a commercial mare's milk replacer until they were weaned, showed no detectable SN antibody to EHV-1 at intervals over a 3-month isolation period [6] . Although Jeffcott has reported that a foal's small intestine is no longer permeable to macromolecules (radioiodine-labeled polyvinyl pyrrolidone; mean molecular weight 160000) at 24 hr after birth [13] , some foals might subsequently absorb immunoglobulin. However, we considered that those pre-existing SN antibodies had little effect on the outcomes of the experiments with the exception of foal No. 3, which had the highest pre-existing antibody titer (as described later). Foals inoculated i.n. with gE did not exhibit any clinical signs of respiratory disease except for a mild nasal discharge in foal No. 2 on Days 1 and 3 post-infection. In contrast, the clinical signs observed in foal No.4, which was inoculated i.n. with gE-rev, corresponded well to those observed in foals inoculated with the parental strain, 89C25p, in our previous study [21] . Furthermore, after inoculation with gErev, foal No. 3 developed mild clinical manifestations but including biphasic pyrexia, even though it had a relatively high SN antibody titer at the start of the experiment. The inoculation with gE-rev resulted in nasal virus shedding and viremia, which were detected by both virus isolation and qPCR. In contrast, after intranasal inoculation with gE, no live virus was isolated from any nasal swab or PBMC samples. Additionally, although virus shedding was detected in the foals inoculated i.n. with gE by qPCR, the peak viral titers were remarkably lower than those observed in the foals inoculated with gE-rev. Similarly, after the intranasal inoculation of 6 foals with the avirulent EHV-1 mutant, gEgI-lacZ, both of whose gE and gI genes were deleted, nasal virus shedding was detected in only 1 foal for 1 day (on Day 2 post-infection) and viremia was not observed in a previous study [20] . In contrast, Slater et al. reported that a thymidine kinase-deficient mutant of EHV-1, which still had a slight residual virulence to foals, was isolated from nasal swabs obtained from inoculated foals for 5 days from Day 1 post-infection with relatively high titers [27] . These data indicate that gE plays an important role as regards EHV-1 virulence in horses. The reduced virulence of gE in i.n. inoculated foals might be due to restricted virus replication in vivo. Additionally, the foals (Nos. 5 and 6) inoculated i.m. with gE also exhibited no clinical signs, and the viruses were not detected in any nasal swab or PBMC sample by either virus isolation or qPCR. Although intramuscular inoculation with gE-rev was not evaluated in the present study due to the limited number of foals, we have previously observed that after intramuscular inoculation with 10 6 pfu of EHV-1 89C25p strain, 2 conventionally reared horses (approximately 1 year old), which had no detectable CF antibody to EHV-1, showed pyrexia, nasal virus shedding and viremia (unpublished data). These data suggest that gE is avirulent in colostrum-deprived Thoroughbred foals when administered either i.n. or i.m.
The absence of any increase in SN antibody titer to EHV-1 observed in the foals inoculated i.n. with gE in the present study was similar to that observed for foals inoculated with gEgI-lacZ [20] . It was reported that intranasal inoculation with gEgI-lacZ induced only weak protectivity in inoculated foals from a manifestation of respiratory symptoms after challenge infection with a virulent EHV-1 strain. In contrast, the foals inoculated i.m. with gE exhibited a significant increase in SN antibody titer to EHV-1 within 3 weeks of inoculation despite the inoculated amount being 25 times smaller than that used for the foals inoculated i.n. with gE. This result suggests that intramuscular inoculation with gE might elicit better humoral immunity than intranasal inoculation. A similar phenomenon was reported for BHV-1 mutants [18] . More SN antibody titers were detected in calves inoculated i.m. with BHV-1 mutants deficient in the UL49 homolog, UL49.5 homolog and dUTPase genes than in i.n. inoculated animals [18] . Furthermore, intramuscular inoculation with those mutants elicited better protection against a wt BHV-1 challenge than intranasal inoculation. It should also be noted that routine intranasal administration to Thoroughbred racehorses would not be easy, as they would usually have to be closely restrained during the treatment. Therefore, we examined the efficacy of intramuscular vaccination with gE in protecting against a wt EHV-1 challenge. Following 2 intramuscular inoculations with gE at an interval of 3 weeks, there was no clinical evidence of local inflammation, respiratory disease or deleterious systemic responses. Remarkable increases in SN antibody titer to EHV-1 were observed in all vaccinated foals after the 2nd inoculation with gE. Additionally, the SN antibody titers in 5 of 6 vaccinated foals remained at more than 1:80 until the onset of challenge infection (4 weeks after the 2nd inoculation with gE). The most notable effect of the vaccination was a reduction in clinical signs, including pyrexia and mucopurulent nasal discharge, following challenge with a wt EHV-1 strain. Specifically, 1 of 3 foals vaccinated with 10 6 pfu of gE exhibited no clinical symptoms other than a mild nasal discharge for 1 day. Furthermore, we observed a significant reduction in the amount of EHV-1 shedding in the nasal mucus of the vaccinated foals. The ability to suppress initial virus replication in the upper respiratory tract is an important feature of EHV-1 vaccines as it would interrupt virus transmission to new hosts [2] . Although the challenge infection with a wt EHV-1 resulted in viremia irrespective of vaccination status, there were fewer viremic foals in each vaccine group on each day than in the placebo group. Additionally, the virus loads in the PBMC samples of the vaccinated foals were significantly reduced. PBMC infection is thought to be central to EHV-1 pathogenesis since the virus disseminates to the reproductive tract and central nervous system via cell-associated viremia, which results in abortion and neurological disease, respectively [1] . Therefore, this observation indicates the advantage in the use of gE in immunoprophylaxis.
EHV-1 mutant devoid of gE was avirulent in colostrumdeprived Thoroughbred foals when administered either i.n. or i.m. The attenuation seemed to be related to the impaired ability of gE to replicate in a host animal. In a previous study, we showed that gE contributed to the ability of EHV-1 to spread directly from cell to cell in vitro, but was not involved in the process of virus maturation and release or in virus attachment and penetration [29] . The cell-to-cell spread of EHV-1 is possibly crucial as regards its replication in the mucous membrane of the respiratory tract and/or the subsequent infection of PBMCs. However, further investigation is needed to reveal the role of gE in the in vivo growth of EHV-1.
Intramuscular inoculation with gE at a titer of 10 5 or 10 6 pfu conferred a degree of protection against the manifestation of respiratory symptoms induced by EHV-1 infection in colostrum-deprived Thoroughbred foals. The virus load in nasal mucosa and PBMCs was also reduced by vaccination. Future studies will concentrate on the vaccine efficacy of gE in horses previously infected with EHV-1 and/or EHV-4 since most field horses have a history of natural infection with those viruses [22] . It is still unclear whether gE will be more effective than the present inactivated vaccine in the protection against EHV-1 related disease. The immune responses that the ideal EHV-1 vaccine should stimulate are a mucosal virus neutralizing antibody, a systemic virus neutralizing antibody and EHV-1 specific CTL [2] . Breathnach et al. reported that intramuscular administration with an inactivated EHV-1 vaccine not only stimulated serum antibody production but also primed the postchallenge mucosal antibody response [3] . Although it was confirmed that intramuscular administration with gE induced high titers of SN antibody, its ability to stimulate the mucosal immune compartment was not investigated in the present study. Additionally, induction of the specific CTL response, which is considered advantage of a MLV vaccine over an inactivated vaccine, was also not evaluated. In the future studies, these 2 types of immune reactions after intramuscular administration with gE should be investigated to compare its vaccine efficacy with the present inactivated vaccine properly. It is considered that a MLV vaccine designed to protect Thoroughbred racehorse population against EHV-1 should be safe and reduce not only clinical signs of the disease but also virus transmission. Additionally, there is a strict safety regulation as regards the practical use of products made by genetic recombination in Japan. Therefore, the the results presented in this study suggest that gE, which contains no heterogeneous DNA [29] , would be a good candidate as an MLV vaccine.
